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Fatigue Crack Propagation Behavior of Steel Plate of Laser
Welded Tailored Blank
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{ Abstract —

In this paper, we investigated the characteristics of fatigue fracture on TB(Tailored Blank) weldment by comparing
the fatigue crack propagation characteristics of base metal with those of TB welded sheet used for vehicle body panels.
We also investigated the influence of center crack on the fatigue characteristic of laser weld sheet of same thickness.
We conducted an experiment on fatigue crack propagation on the base metal specimen of 1.2mm thickness of
cold-rolled metal sheet(SPCSD) and 2.0mm thickness of hot-rolled metal sheet(SAPH440) and 1.2+2.0mm TB
specimen. We also made an experiment on fatigue crack propagation on 2.0+2.0mm and 1.2+1.2mm thickness TB
specimen which had center crack. The characteristics of fatigue crack growth on the base metal were different from
those on 1.2+2.0mm thickness TB specimen. The fatigue crack growth rate of the TB welded specimens is slower
in low stress intensity factor range( AK) region and faster in high &K region than that of the base metal specimens.

Key Wonds : Laser weldment(&]©]4-87%%), Tailored blank(H| 2| =£-3 ), Different thickness(0]Z5FA), Fatigue crack
propagation(¥] 2B A1}, Heat affected zone(Eg3FH)

1. M2 ou|, dof g Wo] B, ofwy BHoINE §ol 7hs
S0, HojA) 8ol S-gRF B A1 2uWT Y= 8
gol4 §He vhs e oz W&H Yol Ao ¥ of= TB 4otk TB §4olst 48 2E| 8754 &
FEE 52 9z ofuRE AR FA PR AY B Zof gt 35 B oY BAE 24 ol 23sty do]
Jote 34 GHYUCR §USEA 2T, §9 Holb P A Ei= ol4] Amash seam) § 5 ) shte) By

* AW 71 A - A FAFL 8 (sheffhan@kmu, ac kr)

ZA 704-701 WEBGA G AZSE 1000
+ Ageta 7452

120



AISEHI|ARE =

=& Vol.15 No.3 2006. 6.

2 BHE thg %7 (blanking) FE = 2 9Y(drawing)3hes 4
¥ ZRL Witk TB £40) Agorl ANt JYPos
9 2 FAHSE G2 4 90T, 94401 ofuain, 23
k= l;;zna, BA0] 948 B4 B 7T U©.
22 a7, Agsh AT 5L 98 nZ, 9,
AR 29| AEAFAEL dHo] TB Hlo|H §4 7]$Y
A4S gurs) S33km Ao dA A5 Hgati gl
=AY HERE 7122 & 47 L AAAle TB #o|A
47 Aguaoz dAetA Hd A5t At o3t @
B gPAHET 1% Al dv1% At 34T 9 P4
2tol stz ofuXdoF ATE SAT S Yok oY
TB #lo| A& gt Ao geolz BFatm £4R Y
AT 123 °Po*é°ﬂ 2 AEE B5Holrh,
Aol F2A W HEL AA 3151 57 s15g vhEA
o2 A Hu, 53] 459 f2AEE gotele AL
AR AAA D G o Zatg] gloj4 Wl o
2 e, J7BE B dFoAE A L2 AHED
Q= G7ta D Wrkee) dlojA S digt 44
Ho) 728 AL DALY $J8) 9JRslE] 3t B
2 2o E4S nastt dold §459 A4 &
X s ZEsl) 93 1Y 2 B,
BARY} o AFFR 181 vERe) A=E Zsir). ¥
A A5 AR A HEHD Qs SYFYE APELS

& Fi3
K
9

(a) =1.2mm, 2.0mm unwelded center crack

250

S —y

n
o

.\ 4-R25

128 80

40

(b) =1.2mm, 2.0+2.0mm, 1.2+2.0mm(WZ center crack)

ARl 0|5 SHSAE o SHR9S W2FY
4454 249 4994 MR TOZH TB ol 539
AERYel U ety B4 RSt

2. &= 3 H3iuy

2,1 M8 R

B ApoMi= o|F AR, o|FFAE MM AsA 22
£ 2.0mm 579 977t (SAPH440) 2 1.2mm F
AY) YL A7FIHSPCSD)S FHo|A &3 AP Mo df
3lo] g ManIEAdE 18ty et FA7E 1.2
9} 2.0 mm¢l =4, 271 12+2.0mm, 1.2+1.2mm %
2.0+2.0mmE oA &8 A H(olst TBAIGH)o| of
ato] A2y d HZRFEAT AP HASI

2,
2 A7 Agd ]@35—4 QAL e A Azl
A7 9 R AR 2A AEY2

Table 1 Chemical composition of specimens(wt.%)

Material C Si Mn P S

SPCSD [0.00148( 0.0367 | 0.106 | 0.0057 | 0.00633

SAPH440 10.08197| 0.0118 | 1.45 |0.0165 | 0.00455
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Fig. 1 Geometry of specimens for fatigue crack propagation test
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Table 2 Welding condition

Material | Test Power| Speed |Thickness| Shield
(kW) |(m/min)| (mm) gas
SPCSD + | Crack Ar
SAPH440 |Growth 27 = 12420 30 ¢ /min
SAPH440 +| Crack Ar
. . 0+2.
SAPH440 |Growth 27 25 20+20 30 ¢ /min

2.4 4% FE| U Y
2.4 QB

LPATS TS 100kNS §H4 BsAR A7)
(MTS810 Material Test System)Z AM&3}1% 29, ASTM
E80| &3to] Ao i Ad g Systgn'?. REgA=A
W& Aol % (Extensometer) S %Hatato] H9jA oi(stroke
control)4HA] 0 2 35 4T 3mm/m1n§ A3 5kt Fig. 3
o AGAYNHA BFEE 24el7] S AR #
Hof 3

g AoIAE AR %% itk

2,42 T|2FH MOA

N249 AGAFEE QYT YT A-IIE A
st} 482 a13A o](load control)F4] 0.2 S| 0.1
oA A tG 0w, T ?ﬁﬁifﬂr(sine wave) stolth &
gAY Fotp ISHzE 3L, Hdistse A3 ey

45% el A U 859 Z13/\]?1%1(constant load amplitude
test)S 3tk ¢ AuAES Y| FH] Yato] Al
o) 2HE AW oaurou I, ¢4 o] & 05
mm F= AHe wuict AF71E St A 72859
80%% 715t AYeloll Al st uj&o] 500X2] CCD MICRO
SCOPE(inf-500)%} 3144 214 2(BMI plus SE)E ©]8-3}
o] ASTM E 6470] Z3to] 74 Zo|g 2434t ™. Fig.

4 W2FEAT Y ANE e agolth

Fig. 2 Photograph of laser welding head and jig
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Fig. 4 Photograph of fatigue test
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Fig. 6 The micro-structures of weldment(x500)
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Fig. 7 Welding cross sections with combination of
SPCSD(1.2mm) and SAPH440(2.0mm)

Table 3 Tensile properties of specimens

Thickness(mm) St:::slg:llga) Str];::(sl:/ll;a) Elng/:)non'
12 131.83 | 262.63 552
2.0 33248 | 45548 36.7
1242.0(TB) | 13438 | 26431 332
12¢12(TB) | 172.82 | 30105 488
2.042.0(TB) | 31106 | 457.47 282

A A5 A Z A3 (constant load amplitude test)S Z3}
e Anzie Pudde AuAF A gt
o) B2 gtk #9 Hubsz o) AAe ASTM E647
Azt FANALE da/dN, S AL AKE 7
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Fig. 8 Crack behavior of 1.2+2.0mm weld metal( WZ
crack)
Table 4 C and m in Paris's Equation %\—,z C(AK)’"] of
specimens
Specimens C m
1.2mm Base metal 2.53x107 2.15
2.0mm Base metal 1.59x10” 415
1.2+1.2mm(WZ crack) 1.78x10™" 4.97
2.0+2.0mm(WZ crack) 9.01x10™ 420
1.2+2.0mm(WZ crack) 3.87x10™" 5.95
1.2+2.0mm -10
(HAZ crack 1.2mm) 8.82x10 503
1.2+2.0mm _11
(HAZ crack 2.0mm) 3.39x10 7.31
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Fig. 9 Comparison of da/dN-AK curve for location of
crack for weld joint
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